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SYNOPSIS Behaviour of a 67 m tall R.C.C. twin storage-cum-blending cement silo has been studied 
under blast loads from a nearby limestone quarry. This paper reports the findings of the analyti-
cal and experimental studies and verification of the results of analysis by the measurements 
made on the prototype structure, which agreed within 10%. Acceleration response of the structure 
were recorded for a blast of 2.61 t having six delays with maximum charge per delay 800 kg. 
A series of small and large size blasts were conducted to establish relationship between peak 
ground acceleration and distance from the blast. Non-dimensional acceleration response spectra 
were also computed for the two large size blasts of 2.61 t and 3.91 t. 
Only some of the higher modes of 
the response. Further, the measured 
values, indicating rationality of the 
peak ground acceleration and distance. 
to be most appropriate. 
vibration are found to have significant contribution to 
acceleration response agreed closely with the computed 
analysis as well as the relationship developed between 
Also a damping value of 2% critical has been found 
It is seen that the acceleration responses are dominated by the higher modes of vibration 
upto the 6th mode while the shear forces and moments are mainly contributed by the first three 
modes of vibration, the second mode alone contributing 95% to the base shear and 84% to the 
base moment. 
INTRODUCTION 
The behaviour of a R.C.C. twin storage-cum-
blending cement silo under blast loading 
from a nearby lime-stone quarry has been 
studied. Full scale blast tests were carried 
out and the ground acceleration records obtai-
ned at various locations from the blast point. 
Relationship between peak ground acceleration 
and distance from blast has been established. 
The design acceleration response spectra 
has also been worked out. However, for 
verification of the dynamic response of the 
cement silo the blast spectra pertaining 
to the actual blast of 2. 61 t has been used. 
THE SILOS 
The twin blending-cum-storage cement silos 
are a continuous cylindrical structure made 
in R.C.C. rest on firm rock. The two cylind-
drical portions are connected by small plat-
forms at five levels. Figure 1 shows the 
vertical cross-section of one of the twin 
silos. 
GROUND MOTI0..-1 AND SPECTRA 
The ground motions produced by the full size 
quarry blasts of 2.61t and 3.91t were recorded 
using accelerometers. The acceleration res-
ponse spectra for these ground motions have 
beeA computed for 2% of critical damping 
and are presented in Fig. 2 together with 
the recommended design spectra. 
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The spectral acceleration, S , has been given 
in Fig. 2 as a fraction of the peak ground 
acceleration, a, and this ratio, S /a, has 
been denoted by )J , called the amplffication 
factor. 
To obtainS from Fig. 2, the peak ground acceleration~ a, is thus needed, which can 
be obtained from the relationship : 
where 
a ( 1 ) 
R distance from the center of the blast 
in m, 
Q weight of maximum charge in any one 
delay in kg, 
RBS relative bulk strength of explosive, 
and 
Y density of explosive in kg/m 3 . 
The in-situ response of the structure at 800 m 
distance was measured for a blast of 2. 610 t 
having maximum charge per delay of 800 kg with 
explosive ~aving RBS 60 percent and density 
1400 kg/m . Substituting these values in 
Equation 1, 
a 1.47 X 10
6 ( 800 X 0.60)0.45 
(800)2.35 1400 
0.1367 m/s 2 
0.014 g 
A value of 0.014 g has thus been adopted for 
the peak ground acceleration, a, for the 
dynamic analysis of the cement silo. 
MATHEMATICAL MODEL AND METHOD OF ANALYSIS 
The masses have been lumped at 19 discrete 
points along the height of the structure as 
shown in Fig. 1. Variation of the cross-
sectional areas, A, moments of inertia, I , 
I , and concrete grades along the height ~fe 
s~~wn in Fig. 1 and also in Table 1. The 
condition of both silos full has been consi-
dered and analysed for vibration in the y-
direction under three different blast loads 
described by the spectra in Fig. 1. The 
structure is considered fixed at the foundation 
level since it rests on firm rock. 
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Fig. 1 Blending and Storage Cement Silo 
and its Discretised Model 
The mode shapes and associated natural frequen-
cies of vibratio.l h3ve been computed by the 
Holzer's numerical analysis (Den Hartog, 1956) 
using discretised mass models. The maximum 
responses in each mode of vibration were then 
obtained using the spectral accelerations 
for 2% of critical damping. Modal responses 
thus obtained have been finally combined 
555 rule, that is by taking the square root 
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Fig. 2 Recorded and Design Spectra 
TABLE I. Data of the Silo for the Lumped Mass Model 
Used in the Numerical Analysis 
Discrete Lumped Height A(m2 ) Ixx(m4 ) 
Point/ Weight* 









































































































































*The weights given are for the case of both 
top and bottom portions of the silo full. 
Modulus of elasticity, E, for concrete has been 
obtained from Eq. 2. 
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E 18000 vf ck (2) 
Shear deformations 
also been included 
and rotatory inertia have 
in the numerical analysis. 
Mode Shapes and Spectral Accelerations 
The first 10 modes have been computed and 
natural undamped time periods, T, and partici-
pation factors, y , are given in Table II. 
The latter have been obtained for a deflection 
value, ~, of unity considered at the top of 
silo (discrete point 19) in each mode of 
vibration. 
TABLE II Time Periods, Participation Factors 
and Spectral Values of Silo for 
Vibration in Y-direction 
Mode Time Partici- Spectral Spectral 
No. Period , pation Accelera- Displacement, 
T Factor,y tion, sa sd 
(sec.) (cm/s2) (em) 
1 0.798 1.823 8.6 0.1395 
2 0.207 -1.546 133.0 0.1439 
3 0.117 1.150 133.0 0.0460 
4 0.085 -0.538 133.0 0.0243 
5 0.060 0.113 133.0 0.0120 
6 0.044 -0.027 133.0 0.0064 
7 0.034 0.013 133.0 0.0039 
8 0.031 -.0064 133.0 0.0032 
9 0.025 0.0006 133.0 0.0021 
10 0.021 -0.00006 133.0 0.0015 
( 3) 
where 
~ 19 = 1.00 in all modes. 
Spectral accelerations, S , and pseudo spectral 
displacements, srl. = s /pa2 (where p = natural 
frequency in ra~/secf are also listed in 
Table II. These have been obtained from Fig. 1 
considering 2% critical damping for each 
mode of vibration. 
Shear and Moments 
Shears and moments have been computed for 
the 1st mode, the first 3 modes and also the 
first 10 modes of vibration. The shear forces 
are plotted in Fig. 3 which does not show any 
significant difference between the 3 mode and 
10 mode responses. Similar results are evident 
from Table III for the bending moments. 
Modes beyond the third thus need not be consi-
dered in the computations for shear forces 
and bending moments. 
Measured Acceleration Response 
In order to verify the analytical results, the 
absolute acceleration was measured for the 
2. 61 t blast at the floor at 36.05 m height 
(discrete point 11) for vibration in y-direction. 
Miller-type accelerometer with a high gain 
universal amplifier and a direct ink writing 
oscillograph was used for obtaining a permanent 
record on paper. The acceleration record thus 
obtained is shown in Fig. 4, from which the 
peak recorded acceleration, response, 
































III. Bending Moments in Silo for 
Vibration in y-direction 
Bending Moment (t-m) 
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Fig. 3 Shear Force Diagrams t Fig.4 Acceleration 
Response Record 
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The acceleration response has also been computed 
in the first ten modes at the point of obser-
vation as well as at the top of the silo where 
maxm accEleration response was expected. These 
are given in Table IV. It is seen from table 
that the sss value of x 1 is 0.0080 g which is close to the recorde~ value of 0.0087 g. 
It is also evident from Table IV that only the 
4th and 6th modes have significant contribution 
to the total response at the point of obs.IFVa-
tion, sin2e these two modes alone give x 1) 2 7. 44 cm/s against the value of 7. 89 em s 
for all the 10 modes. 
Another point of interest is the top of the 
silo, where higher acceleration response is 
expected. Only 3rd, 4th and 5th modes have 
significant contributions t.9 the acceleratio~ 
at this poin-t yiejding x 19 = 15.05 cm/s 
against 1~1cm/s for 10 modes. 
3. 
4. 
The second mode of vibration, alone 
dominates the shear and moment responses, 
contributing 95% to the base shear and 
84% to the base moment. Beyond the 
third mode, contribution to moments and 
shears is found to be insignificant. 
Some of the higher modes of vibration 
upto sixth and probably beyond may 
contribute significantly to the accelera-
tion responses of silos under the blast 
loading. 
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TABLE IV. Response Accelerations in Silo at Point of Observation and at the Top 
Mode Time Period,T Participation Mode Shape, Mode Shape, 
¢11 
Response Accelerations, 
No. sec Factor,y 
1 0.7986 1. 823 
2 0.2066 -1.546 
3 0. 1168 1. 150 
4 0.0850 -0.538 
5 0. 0596 0. 1129 
6 0.0437 -0.0269 
7 0.0341 0.0130 
8 0.0309 -0.0065 
9 0.0252 0.0006 






















~11(obser.floor) x19 (top) 





















SSS of 10 modes, ~ 11 7.89 cm/s ; SSS of 4th and 6th modes, x 11 = 7.44 cm/s 
SSS of 10 modes, x19 = 15.29 cm/s




On the basis of the study for blast loads, 
the following conclusions are drawn: 
1. The measured responses are within 10% of 
the computed values indicating rationality 
of the assumptions and validity of the 
relationship developed between peak ground 
acceleration and distance from the blast. 
2. Damping o~ 2 percent of the critical value 
assumed 1n the dynamic analysis for 
blast loads is reasonable. 
IS IJ.56-1978, "Indian Stndard Code of Practice 
vr Plain and Reinforced Concrete", pp. 26. 
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